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(54) Optical transmission circuit

(57) The optical transmission circuit of the present
invention has an optical modulator 12 which modulates
continuous light at wavelength λo with a signal at repe-
tition frequency fo Hz and outputs alternating phase-in-
verted pulse light; a bias voltage applying unit 14 which
applies a bias voltage to the optical modulator 12; an
optical power spectrum measuring unit 17 having fre-
quency resolution of less than fo Hz which measures

the optical power spectrum of light output from the op-
tical modulator 12; and a control circuit which controls
the bias voltage via the bias voltage applying unit 14
based on measurements of the power spectrum of the
output light of the optical modulator 12, so as to minimize
the power intensity of the carrier spectrum component
of wavelength λo, or to maximize the power intensity of
the spectrum component in both side bands.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an optical
transmission circuit which creates an optical signal hav-
ing a low ratio of degradation in transmission quality,
caused by group velocity dispersion (GVD) of the trans-
mission medium such as optical fiber.

Description of Related Art

[0002] While an optical transmission system can han-
dle a large capacity with relative ease by the use of
wavelength-division multiplexing (WDM), research is al-
so being widely carried out to increase the speed of the
bit-rate per wavelength. The reason for this is that in-
creasing the speed of the bit-rate per wavelength reduc-
es the cost of the apparatus, and reduces the initial cost
of the total system and its running cost by miniaturizing
the apparatus and reducing its power consumption. An
electrical circuit which realizes channel power of
40-Gbit/s is already in the practical stage (Reference
Document 1: M. Yoneyama et al., "A 40-Gbit/s Optical
Repeater Circuit using InAlAs/InGaAs HEMT Digital IC
Chip Set", IEEE MTT-S Digest, WE1 D-2, 1997).
[0003] Problems in increasing the bit rate per wave-
length include restrictions on the possible transmission
distance by group velocity dispersion (GVD), restric-
tions on the input power to the optical fiber resulting from
the nonlinear characteristic of optical fiber, and such
like. Application of dispersion-compensating technology
is effective in removing restrictions on the possible
transmission distance. As for input power restrictions,
RZ (return-to-zero) format has greater tolerance than
NRZ (non-return-to-zero) format, which is conventional-
ly used in optical transmission systems, and most re-
ports of 40-Gbit/s single channel transmission experi-
ments describe systems using RZ formats. CS (carrier-
suppressed)-RZ format using an alternating phase-in-
verted pulse (Reference Document 2: Y.Miyamoto et al.,
OAA '99, PDP4-1), and DCS (duo-binary carrier sup-
pressed)-RZ format (Reference Document 3: Y. Miya-
moto et al., Dig. OFC'01, TuU4) are regarded as espe-
cially promising, since these RZ formats have compar-
atively lenient restrictions on the input power to optical
fiber resulting from the nonlinear characteristic of the op-
tical fiber, and on the possible transmission distance by
group velocity dispersion.
[0004] One conventional method of creating CS-RZ
and DCS-RZ formats uses a Mach-Zehnder optical
modulator, and is comparatively easy to realize (see
Reference Documents 2 and 3). According to the meth-
od which uses a Mach-Zehnder optical modulator, an
alternating phase-inverted pulse is created by driving
the optical modulator with a sine wave of half the fre-

quency of the repetition frequency of the alternating
phase-inverted pulse. The voltage applied to the optical
modulator at this time is twice the half-wavelength volt-
age Vπ, which is the voltage required to maximize the
on-off ratio of the optical modulator. The voltage value
at which this sine wave voltage and the transmission
loss of the optical modulator reach their maximums must
be applied as a DC bias voltage.
[0005] However, since the Mach-Zehnder optical
modulator utilizes light interference, the applied voltage
characteristics of its output optical power (input-output
characteristics) are known to fluctuate (Reference Doc-
ument 4: Jumonji et al., Institute of Electronics, Informa-
tion, and Communication Engineers, memoir C-1,
J75-C-1, pp.17-26, 1992). In particular, "DC drift" is the
term given to shifts in the input-output characteristics
when a voltage is applied, and poses a significant prob-
lem in the practical use of the Mach-Zehnder optical
modulator, which is manufactured from Z-cut LiNbO3.
[0006] A circuit which detects fluctuation in the input-
output characteristics, and feeds back the voltage ap-
plied to the optical modulator has been proposed and is
in practical usage; this circuit is termed a bias voltage
control circuit, since the DC component is usually cut
from the data signal before applying it to the MZ-modu-
lator (Reference Document 5: Japanese Patent No.
2642499, Reference Document 6: Japanese Patent No.
2866901, Japanese Patent No. 2869585, Reference
Document 7: Japanese Patent Application, First Publi-
cation No. Hei 10-24874).
[0007] In "Optical Transmitter, Control Circuit for Op-
tical Modulator and Optical Modulating Method" in Ref-
erence Document 5, a low-frequency signal is superim-
posed onto a data signal, drifts in the input-output char-
acteristics are detected based on the level of the low-
frequency signal, obtained by receiving part of the out-
put of the optical modulator, and the direction of the drift
is detected based on the phase of the low-frequency sig-
nal.
[0008] However, the method of Reference Document
5 assumes that the optical modulator is driven at a volt-
age of Vπ, the low-frequency signal component being
cancelled during modulation at 2Vπ; consequently, it is
not possible to detect error signals or control the bias
voltage.
[0009] "Optical Modulator Control Circuit" of Refer-
ence Document 7 differs from Reference Document 5
in that the low frequency signal is superimposed onto
the bias voltage instead of a data signal; the detection
of drift in input/output characteristics is substantially the
same as in Reference Document 5.
[0010] However, in the method of Reference Docu-
ment 7, the modulated signal is subjected to envelope
detection, and therefore, the photoelectric converter,
DC low frequency removing circuit, and the envelope
curve detector circuit all require a band which is equal
to or greater than the repetition frequency of the alter-
nating phase-inverted pulse light. Therefore, consider-
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ing application in a high-speed transmission system of
20 Gbit/s or more, in which, for example, CS-RZ and
DCS-RZ formats are valid, the control circuit would be
extremely expensive.
[0011] In "Optical Modulator Device" of Reference
Document 6, in order to detect drift, a probe light differ-
ent from the main signal light is input from the opposite
direction into an optical modulator having a traveling-
wave electrode (most high-speed Mach-Zehnder optical
modulators are of this type). Drift is detected by utilizing
the fact that light input from the opposite direction is not
modulated.
[0012] However, Reference Document 6 requires a
light source for detection, making this constitution com-
paratively expensive; in addition, in creating the alter-
nating phase-inverted pulse light, the level of the probe
light decreases in order to achieve a bias voltage which
will minimize the output of the optical modulator, making
detection difficult.
[0013] Furthermore, in a WDM transmission system,
the probe light may cause noise for other channels, re-
quiring sufficient care in selecting a wavelength for the
probe light.
[0014] The object of the present invention is to provide
an optical transmission circuit comprising an inexpen-
sive bias control circuit which causes as little deteriora-
tion as possible in the main signal light, that is, the al-
ternating phase-inverted pulse light.

SUMMARY OF THE INVENTION

[0015] An optical transmission circuit according to a
first aspect of the present invention comprises an optical
modulator which modulates continuous light at wave-
length λo with a signal at repetition frequency fo Hz, and
outputs alternating phase-inverted pulse light; a bias
voltage applying unit which applies a bias voltage to the
optical modulator; an optical power spectrum measuring
unit having frequency resolution of less than fo Hz which
measures the optical power spectrum of light output
from the optical modulator; and a control circuit which
controls the bias voltage via the bias voltage applying
unit based on measurements of the power spectrum of
the output light of the optical modulator, so as to mini-
mize the power intensity of the carrier spectrum compo-
nent of wavelength λo, or to maximize the power inten-
sity of the spectrum component in both side bands.
[0016] According to the optical transmission circuit,
the output light of the optical modulator which creates
the alternating phase-inverted pulse light is monitored,
and the bias voltage of the optical modulator is control-
led so as to minimize the power intensity of the carrier
spectrum component, or to maximize the power inten-
sity of the carrier spectrum components in both side
bands; consequently, the alternating phase-inverted
pulse light can be output stably with an absolute mini-
mum of loss.
[0017] The optical transmission circuit according to a

second aspect of the present invention comprises an
optical modulator which modulates continuous light at
wavelength λo with a signal at repetition frequency fo
Hz, and outputs alternating phase-inverted pulse light;
a bias voltage applying unit which applies a bias voltage
to the optical modulator; an RF spectrum extracting unit
which converts the output light of the optical modulator
to an electrical signal and extracts an RF spectrum at
frequency fo Hz from the electrical signal; and a control
circuit which controls the bias voltage via the bias volt-
age applying unit so as to minimize the RF spectrum
component.
[0018] The optical transmission circuit according to a
third aspect of the present invention comprises an opti-
cal modulator which modulates continuous light at
wavelength λo with a signal at repetition frequency fo
Hz, and outputs alternating phase-inverted pulse light;
a bias voltage applying unit which applies a bias voltage
to the optical modulator; an RF spectrum extracting unit
which converts the output light of the optical modulator
to an electrical signal and extracts an RF spectrum at
frequency fo Hz from the electrical signal; and a control
circuit which controls the bias voltage via the bias volt-
age applying unit so as to maximize the RF spectrum
component.
[0019] According to the optical transmission circuit in
the third aspect of the present invention, the optical
transmission circuit comprises an optical modulator
which modulates continuous light at wavelength λo with
a signal at repetition frequency fo Hz, and outputs alter-
nating phase-inverted pulse light; a bias voltage apply-
ing unit which applies a bias voltage to the optical mod-
ulator; an optical filter which extracts a carrier spectrum
component at wavelength λo from the output light of the
optical modulator; a photoelectric converter which con-
verts light of the carrier spectrum component to an elec-
trical signal; and a control circuit which controls the bias
voltage via the bias voltage applying unit so as to mini-
mize the power of the electrical signal.
[0020] The optical filter may comprise one selected
from: a pass-type narrow-band optical filter which pass-
es the carrier spectrum component of wavelength λo, a
reflecting-type narrow-band optical filter which reflects
the carrier spectrum component of wavelength λo, and
a periodic narrow-band optical filter having periodic
characteristics in the pass (or reflection) band which se-
lectively blocks both side band spectra components of
the output light of the optical modulator, while extracting
a carrier spectrum component.
[0021] The optical transmission circuit according to
another aspect of the present invention comprises an
optical modulator which modulates continuous light at
wavelength λo with a signal at repetition frequency fo
Hz, and outputs alternating phase-inverted pulse light;
an optical filter which extracts from the output light of
the optical modulator frequency a spectrum component
which has deviated to the longer-wavelength side or
shorter-wavelength side by frequency fo Hz with respect
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to wavelength λo; a photoelectrical converter which con-
verts the spectrum component light to an electrical sig-
nal; and a control circuit which controls the bias voltage
via the bias voltage applying unit so as to maximize the
power of the electrical signal.
[0022] The optical filter may comprise one selected
from a pass-type narrow-band optical filter which pass-
es a spectrum component which has deviated to the
longer-wavelength side or shorter-wavelength side by
frequency fo Hz with respect to wavelength λo; a reflect-
ing-type narrow-band optical filter which reflects a spec-
trum component which has deviated to the longer-wave-
length side or shorter-wavelength side by frequency fo
Hz with respect to wavelength λo; and a periodic nar-
row-band optical filter which has periodic characteristics
in the pass (reflection) band, the pass (reflection) wave-
length having deviated to the longer-wavelength side or
shorter-wavelength side by frequency fo Hz with respect
to wavelength λo, and selectively stops the carrier spec-
trum component of the optical modulator while extract-
ing the spectrum component in both side bands.
[0023] The optical filter may comprise a wavelength-
variable filter which allows the pass band and reflecting
band to be varied. In this case, the control circuit may
control the bias voltage via the bias voltage applying unit
so as to minimize or maximize the power of the electrical
signal while varying the pass (or reflection) band of the
optical filter.
[0024] The reflecting-type narrow-band optical filter
may comprise a fiber grating, and light passing through
the fiber grating may be the output light of the optical
transmission circuit.
[0025] The periodic narrow-band optical filter may
comprise a filter which isolates pass wavelength light
and stops wavelength light at two output ports. In this
case, the photoelectric converter may be connected to
the output port which outputs the pass wavelength light,
and the output port which outputs the stop wavelength
light may become the output port of the optical transmis-
sion circuit.
[0026] The optical filter may comprise a pass-type
narrow-band optical filter or a periodic narrow-band op-
tical filter which passes a spectrum component which
has deviated to the longer-wavelength side or shorter-
wavelength side by frequency fo Hz with respect to
wavelength λo; the pass light may be branched into two
and input to the photoelectric converter, becoming the
output light of the optical transmission circuit.
[0027] The optical filter may comprise a dispersive
medium for compensating the dispersion of optical
transmission link.
[0028] In the optical transmission circuit, part of the
light output from the laser light source may be branched
to the reflecting-type narrow-band optical filter which re-
flects the carrier spectrum of the wavelength λo; the
control circuit may control the wavelength of the light
source so as to maximize the power intensity of the re-
flected carrier spectrum component.

[0029] In the optical transmission circuit, instead of in-
putting the continuous light at wavelength λo to the op-
tical modulator, the continuous light at wavelength λo
may be input to a modulating unit which modulates it
based on a data signal, the light output from the modu-
lating unit being input to the optical modulator, or the
light output from the optical modulator being input to the
modulating unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Fig. 1 is a block diagram showing a first embodi-
ment of an optical transmission circuit of the present
invention;
Figs. 2A and 2B are diagrams showing input/output
characteristics of a Mach-Zehnder (MZ) modulator
12;
Figs. 3A and 3B are diagrams showing input/output
characteristics when the bias voltage has deviated
from its optimum value;
Fig. 4 is a graph showing the optical spectrum of
alternating phase-inverted pulse light;
Fig. 5 is a graph showing bias voltage dependency
of the carrier component of alternating phase-in-
verted pulse light;
Fig. 6 is a graph showing bias voltage dependency
of the RF power of the fo component of alternating
phase-inverted pulse light;
Fig. 7 is a block diagram showing a second embod-
iment of the optical transmission circuit of the
present invention;
Fig. 8 is a block diagram showing a third embodi-
ment of the optical transmission circuit of the
present invention;
Fig. 9 is a graph showing example measurement of
pass characteristics of a pass-type narrow-band
optical filter 31;
Fig. 10 is a block diagram showing a fourth embod-
iment of the optical transmission circuit of the
present invention;
Fig. 11 is a block diagram showing a fifth embodi-
ment of the optical transmission circuit of the
present invention;
Fig. 12 is a block diagram showing a sixth embod-
iment of the optical transmission circuit of the
present invention;
Fig. 13 is a graph showing pass and reflection char-
acteristics of a fiber grating;
Fig. 14 is a block diagram showing a seventh em-
bodiment of the optical transmission circuit of the
present invention;
Fig. 15 is a block diagram showing an eighth em-
bodiment of the optical transmission circuit of the
present invention;
Fig. 16 is a block diagram showing a ninth embod-
iment of the optical transmission circuit of the
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present invention; and
Fig. 17 is a block diagram showing a tenth embod-
iment of the optical transmission circuit of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Embodiments of the present invention will be
explained based on the drawings, although the inven-
tion is not limited to these embodiments. For example,
the constitutions of the following embodiments may be
combined together, or combined with a conventionally
known constitution.

First Embodiment

[0032] Fig. 1 is a block diagram showing a first em-
bodiment of the optical transmission circuit of the
present invention. In Fig. 1, a laser light source 11 out-
puts continuous light at a wavelength λo to a Mach-Zeh-
nder (branch interference-type) modulator 12. In this ex-
ample, a Mach-Zehnder (MZ) modulator is used as the
optical modulator, but the present invention allows the
use of other types of optical modulators.
[0033] The Mach-Zehnder optical modulator 12 com-
prises a pair of electrodes 12A, which are provided in
correspondence with two optical paths for branching
and interfering with light from the laser light source 11;
input light can be modulated by a push-pull operation of
inputting to the electrodes 12A.
[0034] Input signals 1 and 2 are applied to the elec-
trodes 12A of the Mach-Zehnder optical modulator 12,
and form a sine wave of repetition frequency fo Hz, the
phases of the inputs signals being mutually inverted.
Capacitors 13 and a bias-T 15 are connected to the elec-
trodes 12A of the Mach-Zehnder optical modulator 12,
and a bias voltage is applied via the bias-T 15 from a
bias voltage applying unit.
[0035] A method for creating alternating phase-invert-
ed pulse light by using the push-pull electrode type
Mach-Zehnder optical modulator 12 will be explained.
Optical signals created by the push-pull electrode type
Mach-Zehnder optical modulator 12 are known to be
"chirpless", i.e. phase does not change in correspond-
ence with changes in intensity. Since alternating phase-
inverted pulse light should preferably be chirpless, the
push-pull type optical modulator is generally used. A
Mach-Zehnder optical modulator provided on an
LiNbO3 X-cut substrate, a semiconductor, or polymer,
can generate a chirpless alternating phase-inverted
pulse with a single electrode, and in this case there is
only one input signal.
[0036] The continuous light at wavelength λo is input
to the Mach-Zehnder optical modulator 12, and modu-
lated by the fo Hz sine wave, which is applied to the two
electrodes. The amplitude of the sine wave is voltage
Vπ, this being one half-wavelength of the optical modu-

lator, and the sine wave is applied in inverted phase.
The bias voltage applied to the optical modulator from
the bias voltage applying unit 14 is set so as to minimize
the transmission factor of the modulator. When the con-
stitution of the circuit satisfies these conditions, it gen-
erates an alternating phase-inverted pulse at a repeti-
tion frequency 2fo Hz.
[0037] Fig. 2A shows input/output characteristics of
the Mach-Zehnder optical modulator 12. The phase of
the optical output inverts at the point where the trans-
mission factor reaches its minimum. Fig. 2B shows the
optical spectra of the alternating phase-inverted pulse
light at this time. The alternating phase-inverted pulse
light does not contain the carrier component of the con-
tinuous light, input to the Mach-Zehnder optical modu-
lator 12 from the laser light source 11, but has line spec-
tra on the fo Hz long-wavelength side and fo Hz short-
wavelength side of the central wavelength of the light
source.
[0038] When the optimum bias voltage has deviated
from its initial value due to DC drift and the like, the level
of the alternating phase-inverted pulse light has highs
and lows, as shown in Fig. 3A. As shown in Fig. 3B, a
line spectrum of the carrier component is generated in
the center of the optical spectrum. At the optimum bias
voltage, no carrier component is generated, since the
pulse with phase π and the zero-phase pulse cancel
each other out; however, when the bias voltage deviates
from its optimum value, highs and lows appear in the
pulse and are not cancelled out, but remain as a carrier
component.
[0039] Since the bias voltage deviates from the opti-
mum bias point, thereby generating highs and lows in
the pulse, the fo Hz frequency component is superim-
posed onto the pulse signal. When the bias voltage is
set to its optimum value, the fo Hz component is mini-
mized. Fig. 4 shows measurements obtained when al-
ternating phase-inverted pulse light of fo = 10 GHz was
measured by using an optical spectrum analyzer.
[0040] Fig. 5 shows test results measured by an op-
tical power meter after using a narrow-band optical filter
to selectively extract the line spectra of the carrier com-
ponent, and then change the bias voltage. Fig. 6 shows
measurements of a 5 GHz RF power spectrum obtained
by an RF spectrum analyzer when the alternating
phase-inverted pulse light of fo = 5 GHz was detected
by using a wide-band photoelectric converter. In each
case, it can be seen that the fo Hz component is at its
minimum at the optimum bias voltage. That is, spectra
power in both side bands reaches a maximum at the
optimum bias voltage, and the RF spectra has its max-
imum at the repetition frequency (2fo Hz) of the alter-
nating phase-inverted pulse light.
[0041] Considering the above points, the present in-
vention measures the optical spectra of light output from
the Mach-Zehnder optical modulator 12, and controls
the bias point so as to minimize the power density of the
carrier spectrum component of wavelength λo. In the
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first embodiment shown in Fig. 1, part of the light output
from the Mach-Zehnder optical modulator 12 is
branched by an optical branch unit 16 and input to an
optical power spectrum measuring unit 17. A commer-
cially available optical spectrum analyzer with wave-
length (optical frequency) resolution of less than fo Hz
can be used as the optical power spectrum measuring
unit 17.
[0042] The optical power spectrum measuring unit 17
extracts only the carrier spectrum component (wave-
length λo) from the light output from the optical modu-
lator at a wavelength resolution of less than fo Hz, and
outputs a DC voltage signal proportionate to the power
density of the extracted component to a control circuit
18. The control circuit 18 outputs a control signal to the
bias voltage applying unit 14 so as to minimize the pow-
er density of the carrier spectrum component, and the
bias voltage of the optical modulator is controlled ac-
cordingly. By this type of bias voltage control, alternating
phase-inverted pulse light is output from the Mach-Zeh-
nder optical modulator 12.
[0043] The bias voltage of the optical modulator may
be controlled by having the control circuit 18 output a
control signal to the bias voltage applying unit 14 so as
to maximize the power density in both side bands. This
obtains the same effects.

Second Embodiment

[0044] Fig. 7 shows a second embodiment of an op-
tical transmission circuit of the present invention. This
embodiment is characterized in that it uses a photoelec-
tric converter 21. a band pass filter 22, and an RF power
detector circuit 23, instead of the optical power spectrum
measuring unit 17 of the first embodiment shown in Fig.
1. Otherwise, the constitution is the same as that of the
first embodiment.
[0045] The optical branch unit 16 branches part of the
light output from the Mach-Zehnder optical modulator
12, and the photoelectric converter 21 converts this light
to an electrical signal; the band pass filter 22 extracts
the RF component at frequency fo Hz and inputs it to
the RF power detector circuit 23. The RF power detector
circuit 23 applies a DC voltage proportionate to the input
RF power to the control circuit 24. The control circuit 24
outputs a control signal to the bias voltage applying unit
14 so as to minimize the input DC voltage, and the bias
voltage of the optical modulator is controlled according-
ly.
[0046] Alternatively, the RF component at frequency
2fo Hz is extracted by the band pass filter 22, the control
circuit 24 outputs a control signal to the bias voltage ap-
plying unit 14 so as to maximize the RF power, and the
bias voltage of the optical modulator is controlled ac-
cordingly.

Third Embodiment

[0047] Fig. 8 shows a third embodiment of the optical
transmission circuit of the present invention. This em-
bodiment is characterized in that it uses a pass-type nar-
row-band optical filter 31 and a photoelectric converter
32, instead of the optical power spectrum measuring
unit 17 of the first embodiment shown in Fig. 1. Other-
wise, the constitution is the same as that of the first em-
bodiment.
[0048] The central wavelength of the pass-band of the
pass-type narrow-band optical filter 31 is equal to the
wavelength λo of the laser light source 11; the 20 dB
down pass-bandwidth is fo Hz and less, cutting-off both
side band spectra of the alternating phase-inverted
pulse light. Using this pass-type narrow-band optical fil-
ter 31, the carrier spectrum component (wavelength λo)
is extracted from the light output from the Mach-Zehnder
optical modulator 12, the photoelectric converter 32
converts this to a DC voltage which is input to the control
circuit 33. The control circuit 33 outputs a control signal
to the bias voltage applying unit 14 so as to minimize
the input DC voltage, and the bias voltage of the optical
modulator is controlled accordingly.
[0049] Alternatively, the pass-type narrow-band opti-
cal filter 31 may be used to extract only one of the spec-
tra components on each side band from the light output
from the Mach-Zehnder optical modulator 12, and the
control circuit 33 outputs a control signal to the bias volt-
age applying unit 14 so as to maximize the DC voltage,
and the bias voltage of the optical modulator is control-
led accordingly.
[0050] In the second embodiment, the band of the
photoelectric converter 21 must be greater than fo Hz;
in contrast, since the photoelectric converter 32 of this
embodiment need only detect the DC component, an
inexpensive photoelectric converter such as a photodi-
ode can be used.
[0051] Fig. 9 shows measurements of the pass-band
of the pass-type narrow-band optical filter 31 as an ex-
ample of an optical filter. Here, the optical filter compris-
es two fiber gratings in tandem connection. In this ex-
ample, fo = 10 GHz.
[0052] Since the pass-type narrow-band optical filter
required in this embodiment should be able to stop spec-
tra in both side bands while allowing the carrier compo-
nent to pass, a periodic filter can be used. The cycle of
the periodic filter should preferably be 2fo Hz, but this
need not be strictly adhered to, it being necessary only
that spectra can be stopped in both side bands. Alter-
natively, the carrier component may be stopped and
both side bands allowed to pass, so that the total spectra
power in both side bands reaches it maximum.

Fourth Embodiment

[0053] Fig. 10 shows a fourth embodiment of the op-
tical transmission circuit of the present invention. This
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embodiment is characterized in that it uses a reflecting-
type narrow-band optical filter 41, instead of the pass-
type narrow-band optical filter 31 of the third embodi-
ment. Otherwise, the constitution is the same as that of
the first embodiment.
[0054] The reflecting-type narrow-band optical filter
41 is connected via an optical circulator 42 to the optical
branching unit 16 and the photoelectrical converter 32.
A fiber grating or the like may, for example, be used as
the reflecting-type narrow-band optical filter 41 of this
embodiment. Alternatively, a filter having periodic reflec-
tive characteristics may be used as the reflecting-type
narrow-band optical filter 41.

Fifth Embodiment

[0055] Fig. 11 shows a fifth embodiment of the optical
transmission circuit of the present invention. This em-
bodiment is characterized in that it uses a variable op-
tical filter 51 instead of the pass-type narrow-band opti-
cal filter 31 of the third embodiment (and the reflecting-
type narrow-band optical filter 41 and optical circulator
42 of the fourth embodiment); optical power is measured
while changing the pass band by using a control signal
from a control circuit 52.
[0056] The variable width of the pass band of the var-
iable optical filter 51 should be 3 fo Hz + the long-term
stable portion of the laser (approximately ± 20 GHz in a
LD for DWDM). The optical power achieves its maxi-
mum value twice in the variable widths; this is because
the variable optical filter 51 captures the two side band
spectra of the alternating phase-inverted pulse light one
by one. A control signal may be output to the bias volt-
age applying unit 14 to minimize the optical power at
these two intermediate points, with the bias voltage of
the optical modulator being controlled accordingly. Al-
ternatively, the bias voltage may be controlled so that
the peak value reaches its maximum at one of the two
points.

Sixth Embodiment

[0057] Fig. 12 shows a sixth embodiment of the opti-
cal transmission circuit of the present invention. This
embodiment is characterized in that it uses an optical
circulator 61 and a reflecting-type narrow-band optical
filter 62, instead of the optical branching unit 16 and the
pass-type narrow-band optical filter 31 of the third em-
bodiment. The light output from the Mach-Zehnder op-
tical modulator 12 is directed via the optical circulator
61 into the reflecting-type narrow-band optical filter 62,
and the reflected carrier component is input to the pho-
toelectric converter 32 via the optical circulator 61. Fig.
13 shows an example of pass characteristics and re-
flecting characteristics of a fiber grating used as the re-
flecting-type narrow-band optical filter 62. Here, fo = 20
GHz or more.
[0058] This embodiment is mechanically identical to

the fourth embodiment; however, since the carrier com-
ponent can be deleted from the output light at the same
time as extracting the carrier component and controlling
the bias, the quality of the output light does not deterio-
rate even when, for instance, the bias voltage deviates
from its optimum point.

Seventh Embodiment

[0059] Fig. 14 shows a seventh embodiment of the
optical transmission circuit of the present invention. This
embodiment is characterized in that it uses a periodic
narrow-band optical filter 71, instead of the optical cir-
culator 61 and a reflecting-type narrow-band optical fil-
ter 62 of the sixth embodiment. Otherwise, the constitu-
tion is the same as that of the embodiments described
already.
[0060] A two-port filter, such as a Mach-Zehnder type
interferometer filter or a directional coupler type filter,
can be used as the periodic narrow-band optical filter
71. In this case, the carrier component can be extracted
from one of the ports and used in bias control, enabling
light with the carrier component deleted therefrom to be
extracted from the other port.

Eighth Embodiment

[0061] Fig. 15 shows an eighth embodiment of the op-
tical transmission circuit of the present invention. In the
sixth embodiment, the carrier component reflected by
the reflecting-type narrow-band optical filter 62 was in-
put to the photoelectric converter 32 via the optical cir-
culator 61. In the eighth embodiment, the carrier com-
ponent reflected by the reflecting-type narrow-band op-
tical filter 62 is cut off by an optical isolator 81, so that
the light passing through the reflecting-type narrow-
band optical filter 62 becomes the output light; in addi-
tion, part of the output light is branched by an optical
branching unit 82 and input to the photoelectric convert-
er 32. Otherwise, the constitution is the same as that of
the embodiments described already.
[0062] Fig. 13 shows an example of pass character-
istics and reflecting characteristics of a fiber grating
used as the reflecting-type narrow-band optical filter 62.
[0063] In the sixth embodiment, the bias voltage was
controled so as to minimize the power of the carrier com-
ponent reflected by the reflecting-type narrow-band op-
tical filter 62; in this embodiment, the bias voltage is con-
trolled so as to maximize the power of the components
in both side bands which pass reflecting-type narrow-
band optical filter 62.
[0064] In the sixth and eighth embodiments, a fiber
grating is used as the reflecting-type narrow-band opti-
cal filter 62, and light which passes through the fiber
grating (both side bands) becomes the output light.
Therefore, by using a fiber grating having dispersion
characteristics while setting the dispersion value so as
to compensate for any dispersion along the optical
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transmission path, it becomes possible to compensate
for dispersion on the optical transmission path by using
the constitutions of Figs. 12 and 15.

Ninth Embodiment

[0065] Fig. 16 shows a ninth embodiment of the opti-
cal transmission circuit of the present invention. This
embodiment is characterized in that it uses the reflect-
ing-type narrow-band optical filter 41 of the fourth em-
bodiment to extract the carrier component from the out-
put light in order to control the bias voltage, and the light
source wavelength λo is controlled so that it exactly
matches the reflection wavelength. The laser light
source 95 must be one where the wavelength λo can be
controlled; this is accomplished by controlling the tem-
perature of, for example, a DBR laser or a DFB laser.
Part of the continuous light at wavelength λo output from
the laser light source 95 is branched by the optical
branching unit 91, and input to the reflecting-type nar-
row-band optical filter 41 via the optical circulator 92;
the reflected light is input to the photoelectric converter
93 via the optical circulator 92. The control circuit 94
controls the laser light source 95 so as to maximize the
output voltage of the photoelectric converter 93. As a
result, the same optical filter can be used to extract the
carrier component for controlling the bias voltage and
extract the carrier component for controlling the light
source wavelength, enabling both to be matched.

Tenth Embodiment

[0066] Fig. 17 shows a tenth embodiment of the opti-
cal transmission circuit of the present invention. This
embodiment is characterized in that an optical modulat-
ing unit for modulating data signals is provided between
the laser light source 11 of the first to eighth embodi-
ments and the Mach-Zehnder optical modulator 12. The
optical modulating unit comprises a Mach-Zehnder type
modulator 101, an optical branching unit 102, a bias
control circuit 103, and a bias-T 104. In the example
shown, the constitution for controlling the bias voltage
of the Mach-Zehnder optical modulator 12 which cre-
ates the alternating phase-inverted pulse light is that of
the third embodiment, but one of the other embodiments
may be used instead. This embodiment may be com-
bined with the ninth embodiment.

Claims

1. An optical transmission circuit comprising:

an optical modulator which modulates continu-
ous light at wavelength λo with a signal at rep-
etition frequency fo Hz, and outputs alternating
phase-inverted pulse light;
a bias voltage applying unit which applies a bias

voltage to the optical modulator;
an optical power spectrum measuring unit hav-
ing frequency resolution of less than fo Hz
which measures the optical power spectrum of
light output from the optical modulator; and
a control circuit which controls the bias voltage
via the bias voltage applying unit based on
measurements of the power spectrum of the
output light of the optical modulator, so as to
minimize the power intensity of the carrier spec-
trum component of wavelength λo, or to maxi-
mize the power intensity of the spectrum com-
ponent in both side bands.

2. The optical transmission circuit according to Claim
1, wherein the optical power spectrum measuring
unit has an RF spectrum extracting unit which con-
verts the output light of the optical modulator to an
electrical signal and extracts an RF spectrum at fre-
quency fo Hz from the electrical signal; and

the control circuit controls the bias voltage via
the bias voltage applying unit so as to minimize the
RF spectrum component.

3. The optical transmission circuit according to Claim
1, wherein the optical power spectrum measuring
unit has an RF spectrum extracting unit which con-
verts the output light of the optical modulator to an
electrical signal and extracts an RF spectrum at fre-
quency 2fo Hz from the electrical signal; and

the control circuit controls the bias voltage via
the bias voltage applying unit so as to maximize the
RF spectrum component.

4. The optical transmission circuit according to Claim
1, wherein the optical power spectrum measuring
unit comprises an optical filter which extracts the
carrier spectrum component of wavelength λo from
the output light of the optical modulator, and a pho-
toelectric converter which converts the carrier spec-
trum component to an electrical signal; and

the control circuit controls the bias voltage via
the bias voltage applying unit so as to minimize the
power of the electrical signal.

5. The optical transmission circuit according to Claim
4, wherein the optical filter comprises one selected
from among a pass-type narrow-band optical filter
which passes the carrier spectrum component of
wavelength λo, a reflecting-type narrow-band opti-
cal filter which reflects the carrier spectrum compo-
nent of wavelength λo, and a periodic narrow-band
optical filter having periodic characteristics in the
pass band or reflection band which selectively
blocks both side band spectra components of the
output light of the optical modulator, while extracting
a carrier spectrum component.
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6. The optical transmission circuit according to Claim
1, wherein the power spectrum measuring unit com-
prises an optical filter which extracts from the output
light of the optical modulator frequency a spectrum
component which has deviated to the longer-wave-
length side or shorter-wavelength side by frequency
fo Hz with respect to wavelength λo, and a photoe-
lectrical converter which converts the spectrum
component light to an electrical signal; and

the control circuit controls the bias voltage via
the bias voltage applying unit so as to maximize the
power of the electrical signal.

7. The optical transmission circuit according to Claim
6, wherein the optical filter comprises one selected
from among:

a pass-type narrow-band optical filter which
passes a spectrum component which has de-
viated to the longer-wavelength side or shorter-
wavelength side by frequency fo Hz with re-
spect to wavelength λo,
a reflecting-type narrow-band optical filter
which reflects a spectrum component which
has deviated to the longer-wavelength side or
shorter-wavelength side by frequency fo Hz
with respect to wavelength λo, and
a periodic narrow-band optical filter which has
periodic characteristics in the pass or reflection
band, the pass or reflection wavelength having
deviated to the longer-wavelength side or
shorter-wavelength side by frequency fo Hz
with respect to wavelength λo, and selectively
stops the carrier spectrum component of the
optical modulator while extracting the spectrum
component in both side bands.

8. The optical transmission circuit according to Claims
4 or 6, wherein the optical filter comprises a wave-
length-variable filter wherein the pass band and re-
flecting band can be varied; and

the control circuit controls the bias voltage via
the bias voltage applying unit so as to minimize or
maximize the power of the electrical signal while
varying the pass band or reflection band of the op-
tical filter.

9. The optical transmission circuit according to Claims
5 or 7, wherein the optical filter is the reflecting-type
narrow-band optical filter, and the reflecting-type
narrow-band optical filter comprises a fiber grating,
light passing through the fiber grating is the output
light of the optical transmission circuit.

10. The optical transmission circuit according to Claims
5 or 7, wherein the optical filter is the periodic nar-
row-band optical filter, and the periodic narrow-
band optical filter comprises a filter which isolates

pass wavelength light having pass wavelength and
stop wavelength light having stop wavelength other
than the pass wavelength at two output ports, the
photoelectric converter is connected to the output
port which outputs the pass wavelength light, and
the output port which outputs the stop wavelength
light is the output port of the optical transmission
circuit.

11. The optical transmission circuit according to Claim
6, wherein the optical filter comprises a pass-type
narrow-band optical filter or a periodic narrow-band
optical filter which passes a spectrum component
which has deviated to the longer-wavelength side
or shorter-wavelength side by frequency fo Hz with
respect to wavelength λo; the pass light is branched
into two and input to the photoelectric converter,
and is the output light of the optical transmission cir-
cuit.

12. The optical transmission circuit according to Claim
9, wherein the optical filter comprises a dispersive
medium, and compensates the dispersion of optical
transmission link.

13. The optical transmission circuit according to Claim
11, the optical filter comprises dispersive medium
material, and compensates the dispersion of optical
transmission link.

14. The optical transmission circuit according to Claim
5, the optical filter comprises a reflecting-type nar-
row-band optical filter which reflects the carrier
spectrum of the wavelength λo, part of the light out-
put from the laser light source is branched to the
reflecting-type narrow-band optical filter; and

the control circuit controls the wavelength of
the light source so as to maximize the power inten-
sity of the reflected carrier spectrum component.

15. The optical transmission circuit according to Claim
1, further comprising a modulating unit which mod-
ulates continuous light at wavelength λo based on
a data signal, the light output from the modulating
unit being input to the optical modulator.

16. The optical transmission circuit according to Claim
1, further comprising a modulating unit which mod-
ulates continuous light at wavelength λo based on
a data signal, the light output from the optical mod-
ulator being input to the modulating unit.
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